and Health Surveys -Supplementary Appendix
The primary goal of our analysis is to estimate how many elderly individuals in sub-Saharan Africa have had to adapt their living arrangements due to the death of an adult child as the result of AIDS. Our analytic strategy is to use nationally representative micro-level data on living arrangements from a panel of sub-Saharan African countries linked to country level measures of AIDS mortality. With these data, we measure how the HIV epidemic has affected the living arrangements of elderly people living in sub-Saharan Africa, and based on this measurement, we infer the number of elderly individuals whose living arrangements have been altered. In this appendix, we describe our methods more formally than in the main paper.
Data Sources
Our data on elderly living arrangements come from the Demographic and Health Surveys (DHS) collected by Macro International. These surveys are nationally-representative household level surveys of many low and middle income countries, and are conducted approximately once every five years. In our analysis, we include all countries with multiple DHS waves conducted between 1990 and 2006 that include explicit primary sampling units and strata (necessary for appropriate standard error calculations). Since our research question focuses on the living arrangements of the elderly, we exclude from our sample all households that do not include at least one elderly individual (aged 60 or older). Our final sample includes 123,176 seniors in 22 countries. Table A-1 in this Appendix lists the countries and years that we use in our paper. 1996 , 2001 , 2006 Burkina Faso 1992 , 1999 Cameroon 1991 , 1998 , 2004 Chad 1996 , 2004 Côte d 'Ivoire 1994 , 1999 , 2005 Ethiopia 1992 , 1997 Ghana 1993 , 1999 , 2003 Guinea 1999 , 2005 Madagascar 1992 ,1997 , 2004 Kenya 1993 , 1998 , 2003 Malawi 1992 , 2000 , 2004 Mali 1996 , 2001 ,2006 Mozambique 1997 , 2003 Namibia 1992 , 2000 Niger 1992 , 1998 , 2006 Nigeria 1999 , 2003 Rwanda 1992 , 2000 , 2005 Senegal 1993 , 2005 Tanzania 1992 , 1996 , 1999 , 2004 Uganda 1995 , 2001 , 2006 Zambia 1992 , 1996 , 2002 Zimbabwe 1994 , 1999 Our data on country-and year-specific AIDS mortality come from UNAIDS. UNAIDS provided us with current estimates for the number of annual HIV-related deaths in each country since 1980. Ideally we would use the adult AIDS death rate, rather than the overall AIDS death rate. Unfortunately, we are not aware of any source that produces reliable estimates of the former statistic for as broad a set of countries as we analyze. Nevertheless, we believe the error introduced by using the latter number is small because the majority of people in sub-Saharan Africa who have HIV are over 15 years old. Appendix Table A-2 reproduces (based on data from UNAIDS) the proportion of people with HIV who are also over 15. In every country, this proportion is greater than 83%, and in many countries it is 90% or greater.
Outcomes and Independent Variables
Our main outcome variables are the various measures of elderly living arrangements that we define in the methods section of the paper. These include indicators for an elderly person who is unattended and an elderly person living in missing-generation households (a household consisting of an elderly person and a child, but no non-elderly adults). Let y 1i and y 2i denote these two dichotomous outcome variables, where i = 1 . . . 123,176 is an index over all the seniors in our dataset.
We also analyze a continuous outcome variable, the number of prime-age adults per elderly person in households with at least one prime-age adult. This quantity is well defined, since our sample consists of households with at least one elderly individual. Let p i denote this continuous outcome.
The key independent variable in all of our analyses is the mortality rate in each country that is attributable to AIDS (which come from the UNAIDS data). Let θ i denote the AIDS mortality rate for the country in which senior i is living and for the year in which senior i is sampled. For the sake of simplicity of our notation, we suppress the dependence of θ i on the country and year observation, but we stress that all the variation in this variable occurs at the country and year level, rather than at the individual level.
An attractive feature of conducting analyses with DHS data is the rich set of available socio-economic control variables. In all of our analyses, we condition on age, sex, urban/rural status, education, survey year, and whether households have various conveniences including electricity, flush toilets, plumbing, dirt floors, bikes, and radios. We adjust for urban/rural status because previous research suggests that younger adults are presently migrating to urban areas at higher rates -a trend that may be correlated with the AIDS mortality rate.
Let x i denote a vector of these conditioning variables for senior i.
We also include indicators for the country in which an elderly person is living in order to adjust for unobserved differences between countries. Let z i denote a vector of country indicator variables for senior i that spans the set of countries in our data. (Since all the people in our data live in exactly one country, exactly one element of this vector will equal one for each i, while all the rest will equal zero). We also include indicator variables of the year of observation in some models to account for non-linear changes over time common across sub-Saharan countries. Let t i denote a vector of year indicator variables for senior i that spans the set of years of observation in our data.
Statistical Model
To estimate the effect the AIDS mortality rate θ i on the dichotomous outcomes y 1i and y 2i , we specify the following probit model:
We estimate a separate model for each of the outcomes y 1i and y 2i . Here, Φ(.) is the cumulative density function of a random variable with a standard normal distribution (that is, with mean zero and variance one), α j is a regression constant for the equation analyzing outcome y ji , and B j is a vector of parameters mediating the relationship between x i and outcome y ji . The primary parameter of our interest is γ j , which mediates the relationship between the AIDS mortality rate and outcome y ji . We estimate all of these parameters by maximum likelihood estimation, based on the likelihood function implied by (A-1).
In addition to specification (A-1), we estimate two further specifications:
, 176, and j = 1, 2 (A-2)
In specification (A-2), we include time dummies for each year (save one to avoid perfect multicollinearity) in the regression function, which we estimate along with α j , β j , and γ j in the maximum likelihood procedure. In specification (A-3), we include country dummies for each country (again save one to avoid perfect multicollinearity). Because the DHS data are not available for all countries in all years, we are unable to estimate a specification that includes both country and year dummies simultaneously.
Appendix Table A -3 reports the results of our probit estimation exercises. These results are an extended version of the estimates reported in Table 2 of the main paper, which rely on specification (A-1). Appendix Table A-3 reports the average over the whole population of the marginal effect of a change in the AIDS mortality rate in a country on the two dichotomous outcomes y 1i and y 2i at the estimated parameter values. Let g j be the marginal effect estimate for outcome j: Each cell represents the marginal effect estimate from a different regression. Each row corresponds to one of the two dichotomous outcomes. The column labeled (1) corresponds to the regression specification (A-1); column (2) corresponds to regression specification (A-2);
and column (3) corresponds to regression specification (A-3). For example, the top-left result in Appendix Table A -3 says that a one point increase in the AIDS mortality rate induces a 1.815 percentage point increase in the probability that an elderly person is unattended in specification (A-1).
In every specification and for each outcome variable, the marginal effect of an increase in the AIDS mortality rate is to increase the probability of an adverse living situation for seniors. We calculate standard errors using formulae, available in the STATA 9 statistical package, that account for the complex sampling scheme (clustering and stratification) in the DHS data. Each of these marginal effect estimates is significant at the p < 0.01 level, and in most cases at the p < 0.001 level (not shown in the table). As a sensitivity analysis, available upon request from the authors, we estimate versions of (A-1)-(A-3) with a logistic specification, rather than probit specification. Our marginal effect estimates and standard error estimates are nearly identical for the two models.
We use analogous methods to estimate the effect of changes in the AIDS mortality rate on the continuous outcome, p i . We specify the following three regression equations:
As before, α , β , and γ are the parameters to be estimated. We assume the regression error to be zero mean and orthogonal to all the right hand side variables. The specifications are distinguished, as before, by the inclusion of x i controls only in (A-5), the inclusion of year dummies in (A-6), and the inclusion of country dummies in (A-7). Since these are linear regressions, γ can be read directly without further definitions as the marginal effect of an increase in the AIDS mortality rate (θ i ) on outcome p i . Also as before, we account for the complex sampling design of the DHS data collection effort in our calculation of standard errors.
Appendix Table A -3 reports the results of this estimation exercise. These results are the basis for the last row in Table 2 of the paper, which rely on specification (A-5). As was the case for the probit estimations in Table A -3, each row represents the marginal effect estimate (γ i ) for a different outcome variable, whereas each column represents a different regression specification. Column (1) corresponds to specification (A-5); column (2) corresponds to specification (A-6); and column (3) corresponds to specification (A-7). For example, the bottom left result in Appendix Table A -3 says that a one point increase in the AIDS mortality rate in a country induces a decrease by 0.075 in the number of adults living in a household that contains at least one elderly person. For every outcome and in every specification, a higher AIDS mortality rate results in fewer prime-age adults living in a household with an elderly person, and each of these results is significant at the p¡0.01 level.
We use the marginal effect estimates g (corresponding to the marginal effect of AIDS mortality on unattended elderly) to derive confidence bounds on the number of unattended elderly in sub-Saharan Africa. This calculation is possible because the DHS data are designed to be representative of national populations in each country, so g is a nationally representative marginal effect estimate. We start with the 95% confidence interval estimates of g. Let g L be the lower bound on the 95% confidence interval and let g H be the corresponding upper bound. Let pop i , 2006 be the population of country i who are over 60 years old (derived using the population weights provided in the DHS data). Our estimate for the lower bound, L i , on the number of unattended elderly in country i is:
Our estimate for the upper bound, H i , on the number of unattended elderly in country i is:
The bounds, L i and H i are reported in Table 3 of the main paper.
Robustness of Results
To investigate the potential role of outliers and the robustness of our results to the exclusion of individual countries in our sample, we re-estimate our main econometric equations omitting each individual country from our sample. Table A We also extend our analyses to investigate how the relationship between AIDS mortality and our measures of elderly living arrangements varies by level of AIDS mortality more generally. We divide our countries into above-and below-median groups over the time period studied (using each country's mean AIDS mortality rate for years between 1991 and 2006) and repeat our analyses again in each of these sub-groups. The below-median countries are Benin, Burkina Faso, Ethiopia, Ghana, Guinea, Kenya, Madagascar, Mali, Niger, Nigeria, Senegal, and the above-median countries are Cameroon, Chad, Côte d'Ivoire Malawi, Mozambique, Namibia, Rwanda, Tanzania, Uganda, Zambia, Zimbabwe (Importantly, each subgroup can include high and low AIDS mortality data points given considerable variation in AIDS mortality within countries over time). Table A -5 reports estimates analogous to those in Table 2 for above-and below-median AIDS mortality countries as well as for the entire sample (for comparison). Table A -5 show that the paper's major findings are present in these subgroups as well (and are in fact more pronounced in the below-median subgroup). 1 All regression coefficients measure the changes in outcome variable given a change in the annual AIDS death rate of 1 in 1,000 people.
Population weights are used for all estimates.
2 Adjusted for age, sex, residence (urban and rural) , education, measures of household wealth and country effects.
3 Measures changes in the number of prime-age adults living with elderly in households with at least one prime-age adult.
